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MICROITLABITAT SELECTION BY THE JOILNNY DARTER, 
ETIHEOSTOMA NIGRUM RAFINESOUE, IN A WYOMING STREAM 


Robert A. Leidy | 


ABSTRACT 


\icroliabitat selection by the johiiy darter (Etheostoma nigra) was examined in the North Laramie River. 


Platte County. Wvoming. where it docs not occur with other darter species in the same stream reach. Electivity indices 


based on microhabitat obsen ations indicate that E. 


nigrum avoids rilfles and selects certain microhabitats characterized by 


intermediate water depths in pools and slow-moving rans with a substrate composed primarily of silt and sand. Niche 
breadth and clectivity values for total depth, bottom water velocity, and substrate measurements fron this study indicate 
that £. vigria is ahabitat generalist, except at the extreme ends of the habitat gradient. Habitat use here is gener “ally similar 
to other studies where E. vigrane occurred with one or nore other darter species. This study lonund little evidence for 


competitive release in the absence of other darters. 


Key words. mic rohhabitat ase. Percidae. niche breadth. COMpPCtLICE release, electivitics, morphologic ‘al specializ ations, 


Etheostoms Wer. 


The johuny darter exhibits the largest geo- 
graphic distribution among the North American 
darters (Etheostomatini: Percidae), with the 
possible exception of Percina caprodes. it 
occurs farther west than any other darter except 
Etheostoma exile (Page 1983). The ecology of E, 
nigra has receive olresnranrery ple ue often 
In conjunction with other darter species (e.g, 
Winn 1958. Smart and Gee 1979, Paine et al. 
1982. Englert and Seghers 1983, Miumdahl aud 
Ingersoll 1983, Martin 198-4). The ability of F. 
nigriit to colonize such a large geographic area 
may be explained in part by its tolerance of a 

variety of cnvironmental conditions (Seott and 
Crossman 1973, Trautinan 19S), Becker 1983), 

Throughout most ofits range, E. nigrian coex- 
ists with one or more darter species mn streams 

McCormick and Aspinwall 1983, Selilosser and 
Toth 1954. Todd and Stewart 1985). Eo nigrian 
is also Commonly: found in lakes with weedy or 

sandy shorelines «Page 1983). Coexisting dart- 
ers typically show resource partitioning along 
food and habitat aves (Smart and Gee 1979. 
Paine et al. 1982. Matthews et al. 1982. White 
ancl \spinwall 19S 4, Todd and Stewart 1983). In 


addition to B. nigrum. the Lowa darter: E. exile) 
and the orangethroat) darter (Etheostoma 


spectibile occnrin the Hpper Platte River drain- 
ace ol castern Wyoming. Both E. vigram and E. 


evile occur inoa tribune: I ol the on Platte 


6S 


River, the Laramie River, and several of its trib- 
ntary streams, but have not been recorded as 
co-occurring there (Baxter and Simon 1970, 
Page 1953). 

The purpose of this paper is to examine the 
microhabitat use of Eo nigrum at the westem 
extreme of its range where it does not coexist 
with other darter species in the same reach of 
stream. Two basic questions are addressed: (1) 
Ave the microhabitat requirements significantly 
dilferent for FE. nigrame in the study stream 
compared to other streams. in North America 
where it is found? (2) Does E. nigrum show 
signs of competitive release in the absence of 
other darters? 


STUDY AREA 


The North 
Wyoming, 


Laramie River, Platte County, 
drains the central Medicine Bow 
Monntains and is a tributary of the Laramie 
River, which in turn joins the North Platte River 
near the town of Wheatland. The study was 
confined toa 100-m reach of river approvimatel: 
JOkm Ian from Interstate Highway 25 (ele- 
vation 14126 mi). At this location the river traverses 
abroad floodplain averaging 0.7 (OO kind, 
Dominant overstor riparian vegetation ine tudes 
cottonwood (1 Populus deltvides) ia various tree 
and shrub willows (Salix spp.). The study area is 


To Hawthorne Street Sand rancisca Cthform 9 E105 
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sparsely populated with large cate ranches and 
alfalfa farms bordering ie lower to middle 
reaches. The anost noticeable result of these 
land-use practices has been removal of riparian 
vegetation and consequent associated sedimen- 
tation; however, fencing has — effectively 


evchided cattle from the North Laramie River 


along the study reach. 


athe study reach, chosen as representative of 


the lower portions of the North Laramie River, 
is generally characterized by large. relatively 
uniform, shallow pools connected by short rif. 
les and runs of varving water ve locities. Wetted 
stream channel width within the study reach 
averages 6.5.1 with a gradient of 4.7 nv/kin. This 
contrasts with gradients within the middle 
reaches of the North Laramie River of 15.] 
m/km. Stream discharge at the study site uver- 
ages O.17 in ve although short-term fthictuations 
in flow may occur from summer thunderstonns 
and irrigation diversions. The substrate ranges 
from a dominance of small gravel and sand, silt, 
and detritus in pools to medium to large gravel 
and cobble in riffles and runs. Diel water tem- 
peratures in summer typically range fron 13.5 
to 21 C. Mininnim undenvater visibility in the 
river was 2.5 m or greater during the study. 
Rooted aquatic vegetation cath the stndy 
reach inchides watenweed (Elodea canadensis). 
perfoliate pennycress (Thlaspi perfoliatuin), 
and Ranunculus lougirostris. 


METHODS 


Microhabitat observations of E. nigrum were 
made 7-12 September 1988. Undisturbed fish 
were located by a single observer snorkeling in 
an upstream dae con Because of the iro 
water clarity, relatively close spacing of inane 
nal fish, and their observed habit of rem: ining 
in direct contact with the substrate. marking He 
location of fish was not a problem. Typically the 
locations of 4-7 individnals were noted and 
marked by placing a white golf ball on the sub- 
strate. This approach allan the snorkler to 
maximize the number of undisturbed individial 
observations and minimize disturbance — to 
upstream fish, 

For each individual observation the following 
microhabitat data were recorded: (1) total depth 
of the water column, (2) focal point elevation 
(vertical distance of the fish from the bottom). 
(3) focal point velocity (water velocity at the 
fish’s snont), (4) mean water column ve locity, 
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(5) surtace Velocity, (6) substrate Composition, 
and (7) cover type. Velocity measurements were 
made with aimini flow meter (Scientific histru- 
ments, Jnc.. Mlodel 1205+. Mean water colin 
velocity was measured as the velocity at 0.6 of 
the total depth when the total depth Was less 
than 0.75 mm, or the mean velocities at 0.2 and 
0.5 of the total de ‘pth when greater than 0.75 1m 
(Bovee and Milhouse L97S). Relative de pth. ‘l 
measurement of the location of the fish in the 
water colinun, was calculated by subtracting 
focal-point elevation frou total depth and divid- 
ing by total depth. AlLobsen ed individuals were 
sreater than 25 un standard length: however. 
no effort was made to distingnish between juve- 
nile and adult fish. . 
Nine codes were used to characterize sub- 
strate Composition (percentage! in an area O.15 
mona side measured trom beneath each fish: 


ip fines (sand and sinaller): 2 small gr: 7 {95 
nin): 3, medium gravel (>25-50 min: fb large 
gravel (>50-75 mn: 5 small cobble 1 >7a=150) 


mm): 6. medimu cobble (150-225 mim: 7. 
large cobble (225-300 mun); S. small boulder 


(>300—900 mim): and 9, large boulder/bedrock 
(>900 inim). A cover rating (0-2) as measured 


by the relative degree of protection of fish trom 
stream velocity, visual isolation, and light reduc- 
tion (i.e.. shading) was assigned to each obser- 
vation. A rating of 0 denoted no protection: I. 
moderate protection; and 2, major protection. 
The general ty pe and location of cover in rela- 
tion to fish also were noted. 

Habitat availability was determined randomly 
each day immediately following the collection 
of microhabitat-nse data iMovle and) Baltz 
1985). The following availability measurements 
were made along 10 randomly selected tran- 
sects within ae study reach: total de pth: 
bottom. mean water colin, and surface veloc- 
ities; substrate composition: and cover type. 
Between 15 and 30 equally spaced: measure- 
ments were made along ec ‘ach transect. 
quately characterize hi hei availability within 
the COIN Aly short study reach. an cflort 
» colle 6) appronin ately twice as 


To ade- 


was made t 
many measurements of habitat avail: Wbility as 
microhabitat observations. 

An electivity index was used to determine 
selectivity by E. nigrum for total de spth, bottom 
water ve locity. and snbstrate composition. Elec- 
tivities were calenlated from the foriuula 
D=r—p/repi2rp. where ris the proportion of 
the resource used and p is the proportion « available 


10) 
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Fig. LA. Relative freqnency distributions of microhabitat use and availability for total water ean de >pthis for E. nigrum 
i die 


North Laramie River. Electivities are indicated ++ (>0.50. strong preference), + (>0.25 but <0.50, moderate 
preference), 0. +0.25, no preference), = (> —0.05 but 0.25. moderate avoidance), and = (<—0.05, strong avoidance). 
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hig TB Relative frequency distributions of microhabitat nse and availability for bottom water velocities for E. nigrum in 
Ie thi River, Hlectivites arc indicated +4 )-0.50, strong preference). + (>0.25 but <0.50, moderate 
5. no preference}, 0.05 but. 0.25. moderate avoidance). and = 0.05, strong avoidance). 
in the stream environment. This index is based — test for goodness of fit was applied to frequency 
on the formula by Jacobs lov as modified by distr lations for habitat use and availability to 
NN | nad I9S5 for determining determine whether  maximuin differences 
Pictd)] ( 


ity fromvariables similarto between the observed and expected distribu- 
hid. \ Kolmogorov-Smirnov — tions were significant (Sokal and Rohlf 1981). 
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Fig. IC. Relative frequency distributions of microhabitat use and availability for ee codes for Fo nigrum in the 
Bort Laramie River. Elec ) ities are indicated ++ (>0.50, Seon + (0.25 but — 0.50. moderate prelerence 


044025, no preference), ), — (> -0.05 but <- 


An additional measure of microhabitat utiliza- 
tion, niche breadth, was caleulated for E. 
nignun. Two measures of niche breadth were 

calculated to ade ‘quately characterize the effect 
that the selectivity of rare and common 
resources might have on niche-breadth vahies. 
Ilurlbert’s measure of niche breadth (B’), which 
is sensitive to the seleetion of rare rCSONTCES, Was 
calculated as follows: B'=1/S a *i/aj). Sinith’s 
measure of niche breadth (FT), which is less 
sensitive to the selectivity of rare resources, Was 
calculated as follows: 


where pj equals the proportion of indivicuals 
found in resource /({pj= 1.0) and ilj is the pro- 


portion of total available resources consisting of 


resource j(Xaj=1.0) (Krebs 1989). B’ eames 
were standardized to a seale of O-] 
equation = B'A=B' —anin/1 ~amin, 
equals Hulbert’s niche breadth, and ainin equals 
the smallest observed proportion of all 
resources (minimum aj). ). The larger the B’ and 
FT values, the less indigialials discriminate 
between resource states Gninimnum specializa- 
tion): the smaller the B’ and FT values, the 
greater the resource discrimination (maxim 
specialization). 


. using the 
where B’ 


-0.25, moderate avoidance), and = (- 


- ne strong avoidance 


IVES is 


Eight species of fish were observed with E. 
nigrum at the study site. These were sand shiner 
(Hybognatlins hankinsoni), sackermouth minnow 
(Phenacobins mirabilis), creek chub (Semotilts 
atvomoculatus), Common shiner (Notropis Cor 
nutius), red shiner (N. futrensis), bigmouth shiner 
(N. dorsalis), white sucker (Catostonius commer- 
soni), and rainbow trout (Oucorliynchus mykiss. 


Nlicrolabitat Observations and 
Habitat Availability 


Microhabitat-use data indicated that F 
Nigra akwavs occurred i continous contact 
ab the substrate where water velocities were 
low (Table 1). Etheostoma nigrum was almost 
exclusively fond over a substrate of sand or 
small gravel, usually in pools and slow-moving 
diiteot intermediate depth (Table 1, Figs. TA-C). 
In contrast. surface velocities often were rela 
tively high. 

In this study, observations indicated that indi 
vidual fish were positioned (1) on the surface of 
the CAPOSC d substrate with no appar COVCL 


(2) nminediately below the front edge of a slight 
i Ire $si0H 1) the ee Wu serve d to] ee ct fisl 
from the enrrent. or (3) rarely on the down. 


stream slope of a a cobble also protected 


from the current. In all cases. Fo nigriin 
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from microhabitat use and 
nigrum inthe North Lara- 


TAB 1 Means SD. 
wwuulability measurements for ££. 
mic River, Wyoming. 





Llabitit 
an ailability 


Habitat use 


Variable observations 





Total depth cm Ms ie cet 5 le 
Focal pot evalnation (cm) OL} + 0.0] 
Relative depth cM 0.9 + 0.02 — 
Nlean water colin velocity 
cin/s © 26445 on ect 
Focal point/hottom velocity 
CMS cial | Pt LS e53.] 
Surtace velocity (cni/s) ee 3 Se eames Pe 
Substrate types 1% 
1 fines (2 lua B41 Gs 
2 small gravel oP reggie 0. 2b a 20 
3 medium gravel soem e oft 64+ 13.3 
4) large gravel re camel Se 3 gael 
3 small cobble beet ia: 7 eee 
6 medinn cobble 212 11.3 13.52 287 
7! large cobble 0.7 = 0.20 Ga = Zi 
S small boulder —_ —_ 
9 Jarge boulder — - 
Cover code) (Q—2) 
Streanl velocity La Ob —_ 
Visual tsolation 05 = 0A = 
Light reduction Ol 0.3 — 
Saniple size Y] 16S 


Refer to Methods 


Tabi 2. Niche breadth values (B’ yand FT) tor Eo nigrum 
for total de ‘pth. bottom water velocity, and substrate in the 
North Laramie River, Wyoming (approximate 95% couti- 
dence interval shown in parentheses), 


Bottom 
Total depth velocity Substrate 
all. 49 Pre) ob: orld 


Hurlberts BY y 48 


Smiths £7 SY 1.S4..93) (93 6.99. 96 


positioned itself in close proximity with other 
types of instream cover (e.g., stones, cobbles, 
The 


average distance to sneh cover was less than 6 


branehes. or small depressions in the sane). 


ci for S9% of the observations. 
availability 
indicated that average water depths available to 


Measurements of microhabitat 
hE. nigrum were shallower than the depths at 
Which it was typically observed ( Kolmogorov- 
Siimoy test, 23. p< 01) 


bottom 


and available mean 


water velocities were sreater than 
where fish were observed K-S test, 2) ae 0): 
igs. da. BE 


dominated by fines and small gravel (55% 


ln addition. available geen Wals 
). but 
this vw. s disproportionate ‘ly Lan when compare va 


Meroieralinbitat ue obec: ions for these 
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same substrate types (79%, K-S_ test, .25, 
p < 01; Fig. IC). 


Habitat Selection and Niche Breadth 


Mlectivity indices indicate that E. nigrum was 
selecting certain microhabitats while avoiding 
others. E. mer selected intermediate water 
depths and avoided high mean water cohunn 
velocities (Figs. LA, B). There was a strong 
selectivity fora substrate composed of sand, and 
an avoidance of medinm to large cobbles (Fig. 
1C). Fish generally avoided areas that (1) exhib- 
ited high surface water velocities, (2) were iso- 
lated visually, or (3) were well shaded by 
physical cover (Table I). Rather, fish utilized 
relatively barren substrates exposed to fill sun- 
light but close to cover. Microhabitat niche 
ane. B' yand FT valnes) tor depth, velocity, 
and substrate indlicate little resource specializa- 
tion by E. nigrum (Table 2). 


DISCUSSION 


The results of the electivity indices and the 
K-S test indicate that E. nigrum is highly selec- 
tive in the microhabitats it occupies. However, 
niche breadth valnes suggest that Eo nigrum 
does not discriminate between available 
microhabitats (i.e., minimal habitat specializa- 
tion). The apparent mconsistency between 
niche-breadth valves and ec indices may 
he explained by two lactors: (1) the relative 
scarcity in the study area of oray ae cs 
habitats and their avoidance by darters, and (2 
the preference by darters for low velocity on 
habitats characterized by sand and small gravel, 
a habitat that was abundant in the study area. 

Valnes for Hurlbert’s measure of niche breadth 
(B'y) were consistently lower than values for 
Sinith’s measure (FT) for depth, velocity, and 
substrate. This is e xpected because B"y is sensi- 
tive to the seleetion of rare resources that are 
more heavily weighted in the calculation of 
niche breadth, while FT is less sensitive to the 
selection of rare resources (Krebs 1989). 

Darter species typically are restricted to a 
harrow range of microhabitats. This is especially 
evident im tiem usr -ol cortaiamanienentes (Page 
19S3). Eo nignmin has an nousually broad toler- 
anee among darters for variable environmental 
conditions and has been observed over widely 
varying velocities, depths, and substrates 
between drainages and within a_ particular 
stream reach (Smart and Gee 1979, Angermeier 
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1957). This stncly and others (e.g., Becker 1959, 
Paine et al. 1982, Englert and Seghers 1983) 
generally show that FE. aigriim occurs most fre- 
quently in pools and Slneoish reaches of stream 


over sand or silt sirbstrates. althongh this darter 


also regularly occurs in riffles: ( ciner et al. 
1950. Simart and Gee L979. aa LOST). In 
other streams, pool and riffle habitats are often 


comhabited hy one or more darter species. If 


competition with other darter spe cies restricts 
FE. nigruni to microhabitat type sin which the < 


are commonly found, then in the absence of 


other darter species one might expect £. nigrum 
forexpenence competitive release. Etheostoma 
vigrum when alone should occupy awider rane 
of habitat in a particular stream reach, without 


as much specialization fora particnlar range or 
patterus of 


resource — type. Observed 
microhabitat use from this study lonnd little 
evidence of competitive release, suggesting that 
other darters are probably not restricting 
E. nigra toa particntar habitat twpe in streams 
Ww here they coexist. 

Ie lectivity and niche-breadth values for depth, 
velocity, and substrate measnrenients from this 
study support the conclusion of Coon (1982) 
and others (Winn 1195S, Karr 1963) that E. 
nigrum is a habitat generalist, except at. the 
extreme ends of the habitat gradient (i.e. shal- 
low cobble riffle and very shallow pool habitats). 
However, in contrast to the studies of Coon 
(1982) and Smart and Gee (1979), that recorded 
KE. nigrum in riffle and del habitats with 
one or more darter species, in this study E. 
nigrum, While it was common in pools, did not 
occur in rilfles even in the absence of ether 
darters. 

Schlosser and Toth (1954) suggested that dif 
ferences in microhabitat use in two SVInpatric 
darters appear to be constrained by morpholog- 
ical specializations of cach species rather than 
by interspe cific compe tition. As with most sinall 
darters, E. nigrunt is characterized by morpho- 
logical specii Migmions best sited to the benthic 
stratum of pools and other slageish stream hab- 
itats, often with a sand or silt substrate (Page 
1953, Page and Swofford 19S4). Support for he 
role of inorphology in driving habitat utilization 
by FE. nigra inthe study area comes from data 
on cover utilization. Protection from stream 
velocities in the absence of any apparent physi- 
cal instream cover may be eyplaine sd by this 
species’ small size and benthic habits. Velocities 
immediately above the substrate where fish 
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wy) 


were observed were negligible when compared 
to velocities at the same location a few ee ntqne- 
ters higher inthe water colin orat the surface, 
Also, subtle depressions in the sand substrate 
often were oceupicd by individual fish presiin- 
ably lor protection from stream velocity. One 
night expect that the small size and observed 
patterns of habitat utilization by EB. nigra 
would inerease its risks to predation. Hlowever, 
small size, drab coloration, speckling, W-imarks. 
and partial translicence, combined with ¢ APo- 
sure to fill sunlight, made detection of individ- 
nal fish on the speckled sand substrate difficult. 
The increased risks of exposure to predation 
from small size alone would appear to be com- 
pensated by the combination of varions mor- 
phological features. The same morphologic: ul 
features that act as camouflage in qnict pools 
likely may not serve the same finetion in riffle 
habitats (Page and Swofford 1954. 
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